Abstract: Self-awakening, waking up at a designated time decided before sleeping, could prevent failure in the blood circulation vessel system such as heart attack, acute increases in heart rate or blood pressure upon waking. Previous research showed that anticipatory changes occurred in heart rate prior to awakening from a short nap by means of self-awakening for young participants. However, the effects of self-awakening remained unclear for elderly people. The present study examined the effects of self-awakening on heart rate and blood pressure in a short afternoon nap (20 min) among the elderly. Nine participants [74.1 (SD = 5.01) years old] underwent both self-awakening and forced-awakening conditions. In the self-awakening condition, it was revealed that blood pressure gradually increased before the scheduled time of awakening, and that heart rate did not show a rapid increase at arousal. In contrast, forced-awakening induced acute increases in both heart rate and blood pressure. These results suggest that self-awakening facilitates a more smooth transition from sleep to wakefulness via autonomic activation before the time of self-awakening.
Introduction
It is well known that severe sleepiness often occurs in the afternoon (i.e., post lunch dip [1] [2] [3] ). In the countries which have the custom of siesta such as Latin America and Spain, people take a nap to avoid the hottest part of the day 4) . Even in the countries which do not have the custom of siesta, a short nap (i.e., "power nap") is recommended to reduce afternoon sleepiness 5, 6) . Many studies have indicated that psychomotor vigilance performance and subjective sleepiness improve after a short nap [5] [6] [7] [8] , suggesting napping as an effective measure to maintain productivity and safety at work. In the elderly, it has been reported that the risk of Alzheimer's disease may be reduced by habitual short naps 9) . Undesirable effects of napping, however, have been duly noted. Sleep inertia, which is severe sleepiness and poor performance immediately after the nap 10) , is one of the problems. This can be moderated by limiting the length of a nap, since awakening from a long nap (> 30 min) with deep sleep would increase sleep inertia 5, 10) . Another problem is thought to be the increased risk of a coronary heart attack related to the daytime nap [11] [12] [13] [14] . Acute increases in heart rate and blood pressure at awakening are associated with these problems 15) . When we awaken by means of external stimuli such as an alarm clock or someone's voice, our blood pressure and heart rate would increase, and these changes might trigger a heart attack.
Because of arteriosclerosis-as one ages, the large arteries lose their normal flexibility and become thickened and stiff 16) , thus, degrading their elastic capabilities-, the systolic blood pressure increases in the older, stiffer arteries more than in a younger softer artery. Therefore, elderly people may be at risk of sudden increased blood pressure upon awakening 17, 18) . Self-awakening could be useful, as a means of preventing these sudden increases in heart rate and blood pressure. Some people are known to have the ability to wake themselves from a period of undisturbed sleep at a pre-designated time chosen before sleep [19] [20] [21] . This ability is called "selfawakening" 21) . Nearly 50% of people can wake precisely at a given hour determined before sleep 20) . Born et al. (1999) demonstrated that adrenocorticotrophin in serum increases gradually before the end of sleep due to the intention to self-awaken 22) . Adrenocorticotrophin affects the autonomic nervous system and, thereby, heart rate and blood pressure may gradually increase before the end of sleep by selfawakening. In a previous afternoon nap study, we tested this possibility among young participants and showed that the intention to self-awaken increased heart rate about three min before arousal 23) . However, it was still unclear as to the specific responses of the elderly.
In the present study, we examined the effect of selfawakening on heart rate and blood pressure in elderly people. The hypothesis was that the acute increases in heart rate and blood pressure after awakening would be suppressed by self-awakening among older participants also.
Participants and Methods

Participants
Participants were 10 elderly people. One participant was unable to induce self-awakening, therefore the data analysis was carried out on nine participants [74.1 (SD = 5.01, Range = 65-80) years old; 7 males and 2 females]. They were selected according to the following criteria: (1) a regular sleep-wake cycle was required at least one month before the experiment, (2) a short nap (< 30 min) was taken more than four times a week in the afternoon, (3) no complaints were reported about their sleep, (4) self-awakening could be achieved during regular nighttime sleep, (5) there were reasonable expectations for their ability to self-awaken from a nap, (6) the absence of severe physical and psychiatric disorders which may disturb sleep. One week before to the experiment, participants were requested to maintain a wellregulated lifestyle including adequate nighttime sleep. Consumption of alcoholic beverages and cigarettes was prohibited. Participants did not take medications except an antihypertensive drug that was used by six out of nine participants. On the day of experiment, participants were asked to abstain from caffeine. They were asked to record their sleep-wake patterns in a sleep diary and this was used to confirm their compliance with the instructions.
The purpose of the experiment was explained to the participants and they signed their informed consent. The protocol of the experiment was reviewed and approved by the Ethical Committee for Research Involving Humans at Hiroshima University, Japan.
Procedure
Participants took part in both self-awakening and forcedawakening conditions. In the self-awakening condition, participants took a nap for 20 min from the time that the lights were turned off and they woke by means of selfawakening (i.e., without any external means). The success range of self-awakening was to be within ± five min of the appointed time. In the forced-awakening condition, participants were instructed to self-awaken in 40 min after the lights off, but they were awoken by the voice of the experimenter after 20 min. The naps began at their usual napping time between 12.00 h and 16.00 h. In the experiment, each participant took a nap in the supine position on a bed as they used to do. The order of the two experimental conditions was counterbalanced between the participants. Before each experimental condition, an adaptation day was arranged to acclimatize them to the experimental environment. The adaptation day was planned with the same schedule as the self-awakening condition, so that they could practice self-awakening before both experimental days. The interval between the two conditions including the adaptation day was at least two days.
The experiment was carried out in the participants' home to reduce the "first day effect", which is equivalent to the "first night effect" for napping. This "first day effect" which occurs in an unaccustomed environment, seems to have a more apparent and severer effect on the elderly than on the young 24) . The experiment was conducted from September to November 2001, and from April to July 2002. Mild weather with respect to temperature and humidity at these times aided nap taking.
Measurements
Electrodes were attached at C3 and O1 on scalp sites 25) for an electroencephalogram (EEG), outside of both the canthi for an electro oculogram (EOG), and at the chin for an electromyogram (EMG). The sampling rate for recording was 500 Hz and the time constants were 0.3 sec for the EEG, 3.2 sec for the EOG and 0.03 sec for the EMG. The electrophysiological data were recorded with a portable digital recorder (Polymate AP1000, Digitex laboratory Co., LTD, Japan). Blood pressure and heart rate were measured with a finger blood pressure measuring device (Portapres model 2 TNO Biomedical Instrumentation, Netherlands) per one beat of heart on the left middle finger. This device is unsuitable for measuring the absolute blood pressure value, but it is useful for measuring the variation from a baseline. This device also has a feature by which diastolic blood pressure can be measured more reliably than systolic blood pressure 26, 27) . In spite of the disadvantages of this device, it is advantageous for measuring blood pressure during sleep continuously without serious sleep disturbance. In order to obtain the absolute value of the anteromedial blood pressure, another device (USM-700GV, Elquest Corporation, Japan) was used. Arterial blood pressure was measured twice, immediately before napping after a two min rest in the supine posture, and immediately after napping. Each measurement was taken for three minutes.
Data analysis
Sleep stages were visually scored every 20 sec according to the criteria of Rechtshaffen & Kales (1968) 28) . To complement the Rechtshafen & Kales criteria, those of the Sleep Computing Committee of the Japanese Society of Sleep Research (JSSR) (2001) 29) were also applied. Micro arousals during the naps were judged by the criteria of the American Sleep Disorders Association and the Sleep Research Society (1992) 30) . Micro arousal was defined as three seconds of alpha activity during stable sleep 30) . Finger blood pressure and heart rate were averaged every 20 s. Heart rate and blood pressure data were transformed to deviations from the baseline because of the wide interparticipant variation. The baseline was measured as the average value for the one minute rest period before the nap. Data from the adaptation day were not used for the analysis.
Statistical analysis
The data were submitted to a Condition (self-awakening and forced-awakening) × Time (elapsed time) repeated measure analysis of variance (ANOVA) with the SPSS system for Windows, version 11.5. To control the type I error associated with the violation of the sphericity assumption, degrees of freedom greater than one were reduced by the Huynh-Feldt ε correction. Post hoc analysis was made with Tukey's procedure and the paired t test.
Results
Characteristics of the participants and environment of the experiment
Participants were habitual short nap takers [4.6 (SD = 0.75) times per week and average napping duration was 32.1 (SD = 4.64) min]. Bedtime one day before the experiment was 22.08 h (SD=19.71 min) and sleep duration was 400.0 (SD = 17.74) min. Naps began at 13.21 h (SD = 40.14 min) on the experiment day. The starting time of the nap was within the range of their normal times. All conditions were started at the same time for each participant.
The environments of the experimental days (temperature, humidity and noise) are shown in Table 1 . There were no statistically significant differences between the two conditions. Table 2 shows the sleep structure during the nap. Total sleep time was 12.6 min in the self-awakening condition and 13.0 min in the forced-awakening condition. The data showed that the participants could have enough sleep time in the naps. Slow wave sleep (SWS) and rapid eye movement (REM) sleep did not appear in either condition. There were no significant differences in any variables between the two conditions.
Sleep structure during the nap
Arterial blood pressure Figure 1 shows arterial systolic (Fig. 1a) and diastolic Finger blood pressure Figure 2 shows the variation in the finger systolic (Fig.  2a) and diastolic (Fig. 2b) blood pressures that is transformed by the baseline obtained from the pre-nap data.
In the systolic blood pressures, there were no significant The diastolic blood pressure, however, gradually increased 2 min before self-awakening. This phenomenon was not observed in the forced-awakening condition. There was a significant interaction between the condition and the elapsed time [F (35, 280) = 2.46, p<0.05, ε = 0.17]. Post hoc analysis showed this difference near the scheduled wake time (p<0.05). Figure 3 shows the variation in heart rate. In the selfawakening condition, the heart rate did not show any significant changes related to arousal, although a slight increase appeared near the scheduled wake time. In the forced-awakening condition, however, heart rate increased dramatically after the participant awakened. There is a tendency to a significant interaction between the condition and the time [F (35, 280) = 1.75, p = 0.10, ε = 0.22]. Post hoc analysis showed significant differences between both conditions near arousal (p<0.05).
Heart rate
Discussion
The present study found that self-awakening prevents acute increases in blood pressure and heart rate which occurred simultaneously with arousal in elderly people. By selfawakening, blood pressure gradually increased before the scheduled arousal time and heart rate did not acutely increase. Blood pressure and heart rate were both increased rapidly by the forced-awakening. There was no significant difference in sleep structure between the self-awakening nap and the forced-awakening nap.
The effect of self-awakening on heart rate is consistent with the finding of the previous study involving young people [21.7 (SD = 1.25) years old] 23) . Interestingly, in the previous study, self-awakening affected heart rate, but not blood pressure 23) . To explain this difference between the two age groups, the feedback function of blood pressure and vascular elasticity would have to be considered. Blood pressure is controlled by the feedback function of the autonomic nervous system. The sympathetic nervous system modifies blood pressure and heart rate, and the parasympathetic nervous system monitors bloodstream and blood pressure. The influences of the two systems are usually reciprocal. Because of this control system, blood pressure and heart rate can be adapted to the changes in the external environment. However, as the control system ages, vascular elasticity stiffens and the heart rate becomes unresponsive 31) . As a result, blood pressure can easily become high 18) , and heart rate can be insensitive 31) . Some previous studies suggested that the intention to selfawaken might negatively affect night sleep 20, 32) . The time stress caused by a greater sensitivity toward self-awakening may become a cause of disturbed (light) sleep and induce dissatisfaction during night sleep 32) . Nevertheless, there are no significant differences in the sleep structure between the self-awakening and forced-awakening conditions in the present study. The intention to self-awaken may not affect light sleep (sleep stage 1 or 2), but may affect SWS.
The former 23) and present studies showed that some people can self-awaken relatively punctually from a short nap (71% in young people, 90% in elderly people). However, the mechanism of self-awakening is not well known. Recently, Aritake et al. (2004) 33) reported that time estimation during sleep is more accurate in sleep stage 2 than SWS or REM 34) . Considering that SWS and REM sleep seldom appear in a short afternoon nap, it is possible that sleep without SWS and REM sleep may contribute to the accurate estimate of the elapsed time during a nap.
Studies have shown that a short nap could be beneficial to manage employee sleepiness in the afternoon 35) . A short nap combined with self-awakening may be the most effective method, given that the majority of the working population is middle-aged or older. Further research should focus on the effect on productivity of a workplace nap with and without self-awakening.
In conclusion, from the present experiments and analysis, self-awakening can prevent the acute increases in blood pressure and heart rate in the elderly. It may also reduce the risk of coronary heart attack that might occur after sudden awakening from an afternoon nap.
